When photosynthetic organisms are grown under different light regimes, the stoichiometry of electron-tranport complexes in the thylakoid membrane and the relative amounts of the lightharvesting pigments are adjusted and optimized in response to the prevailing light conditions (13) . Acclimation ofcyanobacteria to different light qualities can take two forms. Complementary chromatic adaptation describes changes in the ratio of pigments within the light-harvesting PBS.2 This type of adaptation has been the subject of intense investigation and is reviewed by Tandeau de Marsac (17) . In inverse chromatic control, described by Jones and Myers (4) , there is little change in the PBS pigment content with light quality. Instead in lower PC/Chl ratios, with the reverse being true for cells grown under red (Chl) light. Moreover, Myers et al. (14) recognized that the successful long-term adaptation of spontaneous PC mutants of Synechococcus 6301 to red light (>650 nm) strongly depended on alteration of the PSII/PSI reaction center ratio.
In this work we determined the structural and functional organization of the photosynthetic apparatus of Synechococcus 6301 after a 70 h acclimation to red or yellow light. We determined the pigment content and reaction center stoichiometry under the yellow and red light growth conditions. We found a 3-fold variation in the bilin/Chl ratio between red light and yellow light-grown cells. This was paralleled by similar amplitude variation in the PSII/PSI complex ratio. Thus, the response of the cyanobacterial cells to changes in the light-quality is an adjustment in the stoichiometry of PSII and PSI complexes. Figure 1 . The photon flux density of the PAR was 43, 37, 34 ,umol m-2 s-' and the cell doubling time was 12, 14, and 17 h for Synechococcus 6301 grown in white, yellow, and red light, respectively.
The RL and YL grown cultures were always inoculated with cells from the WL culture at a density of 1 x 107 cells/ml and allowed to adapt to the new light regime for 70 h before harvest. It was determined that cell pigment content reached a steady state within 60 h. Samples were either harvested by centrifugation or used directly in their growth medium for the various measurements.
Pigment Content and Reaction Center Concentrations. Chl concentrations were calculated from the absorbance spectra of the cells, using the system of equations derived by Myers et al. (14) . Phycocyanobilins were measured by the method described 185 Photosynthetic membranes were isolated following the procedure described by Manodori and Melis (9) . In isolated thylakoid membranes, Chl concentrations were determined in 80% acetone using MacKinney's extinction coefficient of 82 mm-' cm-' for absorption at 663 nm (7) . The concentration of Q (PSII) and P700 (PSI) were measured by sensitive absorbance difference spectrophotometry in the UV (AA320) and red (AA7o) regions of the spectrum as described by Melis and Anderson (12) .
Phycobilisome Isolation. Phycobilisomes were isolated by the procedure of Yamanaka et al. (20) To determine the stoichiometry of the photosystems we measured the absolute concentration of the reaction centers from the amplitude of the light-induced absorbance change at 320 nm (Q) and at 700 nm (P700) (12) . The result of such quantitation is also presented in Table I Table II ) by PSII reaction centers.
of light and the transfer of excitation to the photochemical centers of PSII in these cells. The slope of the semilogarithmic plots of these curves (Fig. 4) defined K11620, which is a direct measure of the rate of light trapping by the PSII reaction centers. Figure 5 shows the kinetic traces of P700 photooxidation in YL and RL cells. The respective semilogarithmic plots are shown in Figure 5 (inset). The slope of the semilogarithmic lines defined K1620, the rate of light absorption by PSI under PBS excitation. We determined K1620 = -2.0 s-' in the YL cells and K1620 = 1.5 s-' in the RL cells (Table II) PBS excitation in YL cells is delivered to RCII. The remaining 40% of the PBS excitation is not delivered to PSI and cannot be directly accounted for. We tested for possible quenching of excitation in the PBS-PSII complex of YL cells under in vivo conditions. We reasoned that cyanobacterial cells may possess a mechanism of excitation quenching to prevent overexcitation of RCII. In an attempt to identify a site in the photochemical apparatus of YL cells where excitation quenching might occur, we compared the fluorescence emission spectra of intact RL and YL cells in their growth media. To decrease any scattering and self-absorption effects, the cells were diluted with Tris buffer to give a PC concentration of 1 ,uM. To correct for the different optical properties of the two type cells, we mixed isolated thylakoid membranes with the RL cells to yield the same PC/Chl ratio as in the YL cells. The resulting fluorescence emission spectra are presented in Figure 6 . The emission peak at 655 nm most likely originates from free PC, the shoulder at 660 nm is due to free AP, and the emission peak at 680 nm is due to both the 75 kD terminal exciton acceptor polypeptide and the Chl a from the light-harvesting antenna of PSII (2, 10) . The YL cells showed a considerably lower fluorescence yield at 680 nm suggesting excitation energy quenching at the AP terminal exciton acceptor of the PBS and/or in the Chl pigment bed of PSII in the YL cells. We estimated a fluorescence yield ratio at 680 nm F(YL)/F(RL) = 0.50. Thus, the existence of this excitation quenching mechanism in YL-grown cells will account for the substantially different rates of PSII photoactivity in RL and YL cells. Fig. 4) . The sigmoidicity is a manifestation of the presence of two PSII complexes per PBS (10) . Each 
